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Briefly  and  in  summary,  the  course  of  the  hemodynamic  changes  in  the 
splanchnic  region  during  severe  shock  can  be  represented  as  follows: 

As  a  result  of  the  decrease  in  the  cardiac  mi nute -volume  (in  surgery  limited 
mostly  to  cardiogenic-  or  hypo-volemia) ,  there  is  a  relatively  marked  decrease 
in  the  time-flow  volume  with  a  significant  increase  in  resistance  (1,  56,  123). 

This  is  the  result  of  the  particularly  strong  adrenergic  intervention  and  conci- 
tivity  of  catecholamine  in  the  splanchnic  region  in  comparison  with  the  other 
vascular  flow  regions  (L9,  60,  70,  90,  101,  107). 

hypoxic  changes  (6ii,  113),  therefore,  appear  relatively  early  in  a  region 
low  in  Q>2  but  with  a  high  ©2  consumption  (13,  137).  As  a  result,  the  Oo  absorption 
can  remain  decreased  in  spite  of  restored  flow  even  after  transfusion  (33,  125). 
Other  regions,  such  as  the  liver,  are  able  to  convert  immediately  to  aerobic  meta¬ 
bolism. 

As  a  consequence  of  these  changes,  large  amounts  of  plasma  are  lost  (87,  91, 
93,  131)  as  a  result  of  the  increased  permeability  of  the  capillaries  (97,  106). 
Under  certain  conditions,  a  temporary  pooling  can  be  observed  in  the  upper  intes¬ 
tinal  regions  (78,  80).  In  this  regards,  the  erythrocytes  become  sequestered  (55, 
133)  since  the  pre-capillary  sphinctors  lose  their  tonus  earlier  than  do  the  post- 
capillary  one3  (88).  Ir.  this  manner,  the  loss  of  volume,  especially  plasma  volume, 
intensifies  the  hypovolemia  in  the  sense  of  a  postive  feed-back  mechanism  (scheme). 

Not  all  of  these  findings  have  been  confirmed  in  humans.  The  partially 
contradictory  results  can  be  explained  on  the  anatomical  differences  in  the  species 
tested,  various  means  of  narcosis,  nature,  severity,  and  duration  of  the  chock 
model  employed  as  well  as  by  factors  involving  methodology  (1,  16,  37,  hU,  56,  108, 
122,  128,  11:2).  However,  basically  these  mechanisms  should  follow  the  same  course 
in  laboratory  animals  and  in  humans. 


As  a  result,  it  is  understandable  why  several  authors  dealing  with  various 
forms  of  shock  involving  intestinal  and  liver  bleeding  and  also  chances  of 
survival  achieved  favorable  results  after  the  administration  of  the  following 
vaso-activc  substances: 

Di tons;/ lire  (1?,  $h,  67,  80,  10lj,  131) 

Chlorprcnazine  (72,  80,  121) 

Isoproterenol  (11,  79) 

Phcr.ylalanine-lysine-vasopressin  (6,  7  ,  69  ,  68,  66,  ?$)  not,  however,  in 
the  case  of  the  employment  of  catecholamines  (11,  70,  7$,  88,  98), 

In  this  connection,  good  results  have  also  been  obtained  by  tho  use  of  low 
molecular  viight  dextrans  (10,  38,  1:2,  h3,  81:,  129,  130,  133),  celior  block  or 
denervation  (17a,  10h,  105,  110)  and  hypothemy  (87)  for  amelioration  of  the 
intestinal  perfusion  and  elimination  of  the  state  of  shock. 

The  splanchnic  region  has  a  special  significance  in  the  event  of  shock  when 
viewed  from  a  hemodynamic  view  point.  In  this  case,  it  is  a  caestion  os  to  whether 
these  circulatory  factors  are  implicated  in  the  secondary  changes  in  tho  tissues 
which  affect  the  entire  organism  and  could  be  responsible  for  the  more  rapid 
onset  of  irreversibility  before  overall  Oj  deficit  makes  survival  impossible. 

In  tliis  regard,  the  following  observations  are  presented: 

I.  In  the  upper  intestine,  there  are  significant  pathological-anatomical 
alterations. 

II.  Resection  of  the  intestines  in  rats  and  dogs  during  hemorrhagic  (80,  97, 
112)  and  cndotoxic  ohock  (US,  133)  leads  to  a  significant  prolongation  of  the 
survival  time.  The  only  investigation  (liiO)  that  led  to  a  contrary  conclusion  hag 
so  many  methodological  errors  that  it  does  not  have  to  be  taken  into  consideration 
during  this  discussion. 
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III.  An  increase  in  the  intestinal  blood  flow  as  a  result  of  isolated 
perfusion  of  the  arteria  mosenterica  superior  (AMS)  improves  survival  chances 
of  animals  undergoing  shock  (IS,  86,  87,  93,  135 K 

Blattberg  (29),  however,  made  the  assumption  that  the  protective  effect  is 
not  the  result  of  perfusion  as  such  since  the  animal's  own  blood  is  not  effective. 
The  donor  blood  must  come  frcm  a  healthy  rabbit. 

Tho  results  mentionod  in  I ,  II,  oncl  III,  however,  con  only  be  explained  on  a 
hemodynamic  basis  and  do  not  provide  definite  proof  for  the  presence  of  specific 
intestinal  factors. 

Additional  aspects  are  provided  by  the  following  facts: 

IV.  Since  the  entire  intestinal  tract  represents  a  large  reservoir  of  bacteria, 
microorganisms  were  considered  very  early  as  on  essential  element  in  shock  patho¬ 
genesis.  As  early  as  I9bti,  J.C.  Aub  ( llu)  in  an  extremely  clear  work  explained  that, 
in  addition  tc*  loss  of  volume  and  bacterial  factors,  no  other  toxic  components  of 
cry  other  kind  could  be  found  to  explain  the  3hcck  problem. 

In  tho  investigations  af  fine  (50,51)  and  his  coworkers  (5ii,  7it,  lOh,  110, 

115,  121,  X31)  (summarized  in  53,  111),  an  attempt  was  mado  to  attribute  definite 
significance  to  endotoxin  in  the  pathogenesis  of  ir -eversible  shock.  Although 
these  comprehensive  investigations  stimulated  thorough  research  into  the  shock 
problem,  it  has  been  assumed  that  very  little  significance  can  be  attributed  to 
endetexin  as  being  an  important  factor  for  the  following  reasons  (6?,  81,  103s 
136): 

(1)  In  germ-free  animals,  the  shock  proceeds  in  exactly  the  same  manner  as  in 
ordinary  animals  (1):7). 

Fine  had  argued  thet  endotoxins  were  present  in  the  food.  However,  the  same 
reactions  were  observed  in  germ-free  animals  which  had  boon  fed  a  sa.ni-aynthctic 
food  sterilized  in  a  dry  oven  (ill),. 


(2)  The  experiments  of  Fine  have  not  been  reproducible  in  other  laboratories 
ar.d  pre-treatment  with  antibiotics  has  turned  out  to  be  unsuccessful  even  in  his 
own  hands  (?,  2h,  65,  76,  86,  96). 

(3)  Fine  himself  has  shown  that  incubated  aurecmycin,  which  is  practically 
without  effect  on  microorganisms,  will  nevertheless  protect  against  shock  ( 7li )• 

Lin  and  Zwcifach  (89)  assumed  that  antibiotics  have  a  protective  effect  on  the 
mucous  membranes  of  the  intestines  and  that  this  effect  is  unrelated  to  their 
bacteriostatic  effect. 

(1;)  Chloramphenicol,  which  is  an  effective  antibiotic  for  gram-negative 
microorganisms,  has  no  protective  effect  (7li,  89). 

(5)  Mice,  that  have  been  made  10  times  more  sensitive  to  endotoxin,  cannot 
be  killed  by  the  injection  of  blood  of  dogs  irreversibly  shocked  with  endotoxin 
(132). 

(6)  A  hypotensive  peptide  has  been  detected  in  the  cecum  of  germ-free  rats 
(59).  The  amount  of  this  substance  decreases  markedly  upon  the  introduction  of 
microorganisms  (lb3).  Certain  bacteria,  therefore,  could  exert  a  protective 
function  (12,  hi). 

V.  In  the  case  of  mechanical  ileus ,  in  addition  to  the  loss  of  volume, 
bacteria  or  their  products  have  also  been  implicated  as  responsible  for  the  toxic 
properties  of  the  peritoneal  exudates  and  the  intestinal  contents  (9,  7,  30). 
Ammundsen  (8)  also  observed  in  germ- free  rats  a  protein  originating  from  the 
intestinal  wall  which  increased  toxicity.  It  was  not  hemoglobin  or  one  of  its 
derivatives.  The  results  allow  a  comparison  with  the  conditions  during  irreversi¬ 
ble  shock  and  indicate  a  possible  participation  of  the  intestinal  wall. 

Because  the  intestines  and  liver  are  dependent  on  each  other  anatomically  and 
functionally,  it  seemed  advisable  to  consider  the  latter  also  in  our  observations 
'.($). 

VT.  Blockage  of  the  reticulo-endothelial  system  (RES)  increases  the  sensi¬ 
tivity  to  shock  (1U5).  During  shock,  the  ability  of  the  RES  to  eliminate  endo- 


toxin  from  the  blood  is  decreased  (11$,  Hu).  Also,  its  ability  to  eliminate 
bacteria  ($0)  and  colloid  particles  (23,  H6)  is  diminished.  This  impairment 
of  the  so-called  granulopcctic  activity  is  considered  by  many  authors  to  bo  a 
significant  factor  in  shock  pathogenesis  (3,  27,  53,  H7).  Tn  that  regards, 
ono  must  also  consider  substances  vhich  block  the  RES  to  be  hepato-toxic. 

Administration  of  citratcd  blood  ir.creasos  the  limited  detoxifying  function 
of  the  RES  (1C9)  and  it  was  shown  earlier  th.«l  citrate  in  vitro  influences  the 
activity  of  leucocytes  (2). 

Tn  addition,  vasoactive  substances  such  as  histamines,  serotonin,  and 
bradykinin,  depending  on  dosage,  restrict  the  function  of  the  RES  (27). 

Furthermore,  there  is  the  question  whether  the  large  quantity  of  denatured 
proteins  and  cell  aggregates  in  transfused  blcod  can  restrict  the  blood  supply 
of  the  liver  by  increasing  viscosity  and  in  this  manner  restrict  its  function 

(Hi). 

Blattberg  and  Levy  have  assumed  that  in  the  course  of  severe  shock,  a  REE 
depressor  substance  (RES-DS)  is  produced  in  the  gastrointestinal  tract  and  enters 
tho  system  via  tho  portal  vein  (22,  25).  This  material  is  formed  during  AMS 
chock  (arteria  mesentericum  superior  occlusion)  in  the  rat  and  in  the  dog  (2li, 

25)  as  well  as  during  hemorrhagic  shock  in  the  dog  (21-23).  The  RES-DS  can  be 
transmitted  via  various  carriers  (blood,  plasma,  plasna-dialysate)  frero  rat  to 
rat  and  from  rat  to  dog.  On  the  basis  of  chromatographic  separations  and  puri¬ 
fications,  it  appears  to  a  small  molecule.  Its  mechanism  of  action  does  not 
involve  blockage  of  the  RES  (26). 

Levy  and  Blatt.berg  and  co-workers  (9,  28,  18,  20,  85)  have  found  that  in 
the  post-transfuaion  phase  after  hemorrhagic  shock  in  the  dog,  the  immune  system 
becomes  involved.  This  appears  to  ultimately  correlated  with  damage  to  the 


RES  function. 


Various  authors  have  assumed  that  during  severe  shock,  there  is  no  formation 
of  cr.terotoxins  but  that  the  liver  loses  its  ability  to  inactivate  metabolites 
vhich  are  normally  present  (15,  111,  80,  113). 

Blattberg  (23)  and  Lillebei  (86)  have  demonstrated  that  perfusion  of  the 
liver  does  not  have  any  effect.  On  the  other  hand,  chlorprcnazine  and  dibenzylin 
improve  chances  of  survival  only  as  long  as  the  liver  is  present  (l£,  80,  86,  121)* 

VTT .  Bounous  and  co-wcrkers  (33)  (summarized  in  62)  after  extensive  examina¬ 
tions  believe  that  the  metabolism  of  the  mucous  membranes  of  the  intestines  and 
the  production  of  protective  mucin  are  affected  before  pathological-anatomical 
alterations  can  be  observed  and  before  other  regions  shew  similar  changes  (35, 

3h,  31,  36).  These  investigators  were  able  to  demonstrate  that  purification  of 
isolated  coils  of  the  intestine  or  prophylactic  administration  of  trasylol  inhi¬ 
bited  the  typical  symptoms  of  hemorrhagic  necrosis  from  appearing  during  irreversible 
shock  in  the  dog  and  the  rat  (3b,  32).  They  assumed  that  trypsin  and  chynotrypsin 
have  a  special  significance  but  pointed  out  there  is  much  less  trypsin  present  in 
the  human  intestine*  Tho  prophylactic  ligature  of  the  pancreatic  ducts  also  has 
a  protective  effect  on  the  intestines  and  prolongs  survival  time.  Therefore,  it 
is  possible  that  toxic  products  of  the  intestinal  constituents  pass  through  the 
previously  damaged  mucous  membranes  (see  E.E.  Smith,  Surg.  Gynec.  Obstet.  125:  1x5 
(1967)). 

VIII.  Burri  and  Allgower  (39,  1x0)  found  a  toxic  substance  in  the  intestinal 
walls  of  burned  animals  aid’iin  animals  with  hemorrhagic  shock.  This  factor  is 
active  against  mice  which  are  refractive  to  endotoxin.  They  assumed  that  it  was 
formed  during  the  hypoxic  phase  in  the  intestinal  wall. 

The  results  mentioned  in  V  -  VIII  do  not  present  absolute  evidence  for  the 
formation  of  toxic  substancca  in  tho  intestinal  tract  or  for  a  decreased  function 
of  detoxification  of  the  liver.  There  are  many  gap3  -  severe  controls,  too  small 
amounts  of  experimental  material,  missing  statistical  evaluations,  confirmation 


in  other  animals  by  other  authors,  and  lack  of  data  for  humans,  h'cvcrth.jlcss, 
they  certainly  deserve  our  full  attention. 

For  purposes  of  studying  intestinal  factors  during  irreversible  chock,  nar.y 
investigators  in  recent  years  have  employed  the  so-called  AMS  shock  model: 

In  rats  (6,7,  lil,  89,  121) 

In  dogs  (76,  77,  96,  105,  131) 

In  rabbits  (15,  21*,  67,  8l,  62,  91,  9h,  105,  116,  119,  127,  138) 

TABLE  I 

Survival  tires,  Rabbits 
Total  Ligature  of  the 
AMS 

n  -  10 

9  ♦  3  hr 

Several  experiments  on  anaesthetized  (pentobarbital)  rabbits;  dorsal,  retro¬ 
peritoneal  access,  ligature  with  000  silk. 

TABLE  2 

Survival  timer,  rabbits 
h  standard  AMS  occlusions 
+  opening 

n  -  10 

1?  hr  (10  min  to  3  hr) 

see  table  1.  The  survival  time  after  ligature  and  reopening  of  the  AKS 
closure  is  shorter  than  in  the  case  of  total  ligature. 

Simple  ligature  leads  to  death  with  all  of  the  species  within  a  few  hours 
(table  1).  Vhy?  If  the  AES  is  closed  of?  for  a  few  hours  ar.d  afterwards  the 
closure  is  released,  death  occurs  earlier  than  without  this  procedure  (Table  2). 
This  situation  corresponds  closely  to  the  hemodynamic  conditions  during  severe 
shock.  The  significance  of  the  loss  of  volume  in  this  case  can  be ; seen  in 


Table  3 
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TABLS  3 


Hematocrit,  Rabbits 
li  standard  AYS  occlusions 
♦  opening 


initial : 
I4  hr: 

U$  min: 
90  min: 


39.0  (n 

1*7.5  (a 


55.0  (n 

56.5  (n 


18) 

18) 


7) 

5) 


opening 


There  v?ere  great  losses  of  plasma  during  the  occlusion  phase.  This  became  even 
worse  after  the  reopening.  The  animals  lost  about  5 0  *  of  their  plasma  volume 
with  1-2  hours  afuer  reopening. 


Plasma  volume  loss  in  percent  ■  1 


Hct^  x  Pct2 
Hct2  X  Pctg 


r.  ICO 


Pet  «  plasmacrit 

Several  investigators  have  made  a  great  effort  to  explain  the  reasons  for 
this  phenomenon.  The  various  substances  listed  in  Table  h  have  a  possible 
casual  significance  in  the  rapid  destruction  of  circulation  during  hemorrhagic 
and  AYS  shock. 

It  is  quite  likely  that  the  interstitial  fluids  are  likewise  reduced.  This 
explains  the  significance  of  the  loss  of  volume. 

In  order  to  prove  the  some  or  several  of  the  substances  mentioned  in  Table  1: 
play  an  important  role  in  eliciting  irreversible  changes  during  shock,  the 
following  criteria  were  necessary  in  my  opinion: 

(1)  Isolation  and  identification  of  the  toxic  substance  in  the  portal 
vein  and  in  the  peripheral  blood.  If  the  latter  is  not  possible,  one  should 
at  least  be  able  to  show  the  destructive  effect  of  the  toxic  substance  in  the 
liver  or  in  the  RES. 

(2)  Determination  of  the  area  of  formation  of  the  toxin  and  explanation  of 
its  mechanism  of  action. 

(3)  Proof  that  the  toxic  substance  is  effective  and  attributes  significantly 
to  death  in  the  case  of  proven  normovolemia. 


Possible  Enterotcxins 


cm*  published 


VEH-VDM 
Fcrri tin 

Vasodepressor  substance 

V a s c<i cprr s 5  or  subst a n ce 

Kor.icironalin  inhibitor 

Hypotensive  peptide 

Vasoactive  polypeptide 

Vasoactive  substance 

Vnsotoxic  substance 

Dilator  +  Constrictors 

Catecholamine 

8-hydroxytryptamine 

Serotonin 

Serotonin 

Serotonin 

Histamine 

Trypsin 

Chymotrypsin 

Kalligrein 

Cathepsin 

Cathepsin-like  acid  proteinase 

Acid  phosphatase 

bo  ta-glucuronidase 

DNAase 

HICAssv 

Hemoglobin  degradation  products 

potassium 

Endotoxin 

Exotoxin 

Intestinal  Wall  factor 


Shorr 

( 13li ) 

cSfS 

OO 

Hers hey 

( <  >6 ) 

Sel Part 

(12f'.) 

Pr.es 

<lv) 

Gordon 

(?9) 

Kobold 

(B2) 

Peters 

(111) 

Selkurt 

(12?) 

Rothie 

(120) 

Kobold 

M2) 

Baez 

(IS) 

Janoff 

(76) 

Kobold 

(81) 

Kobold 

(82) 

Kobold 

( 82 ) 

Bounces 

( 33) 

Bounous 

(3  3) 

Kobold 

(81) 

Janoff 

(773 

Reich 

oi6; 

Janoff 

(77) 

Janoff 

(77) 

Jancff 

(77) 

Janoff 

(77) 

I.'emir 

(107) 

Mavor 

(9l) 

Fine 

(So) 

Aub 

(U) 

Burri 

(39) 
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(h)  Transferability  of  the  toxic  principle  to  another  animal,  for  example, 
by  injection,  transfusion,  or  by  crossed  (systemic)  circulation. 

In  these  cases,  the  shocked  aninuil  does  not  have  to  die  since  a  healthy 


organism  can  eventually  combat  the  toxin  successfully.  It  appears,  therefore. 


possible  that  the  substances  in  question  have  been  examined  several  times  in 


an: main  undergoing  reversible  shock.  They  can  also  be  tested  after  liver 


ca.r.a;y.  sroduc-  i  by  H73  blockade  for  example.  In  this  regards,  one  must  consider 
that  q  jv;,;!  likely  the  vasomotor  control  has  to  be  also  influenced  if  a  vasoactive 
substance  should  lead  to  the  collapse  of  the  circulatory  system. 


Thus  far,  no  investigator  has  been  able  to  fulfill  all  of  these  criteria. 
ad  1.  Of  the  substances  mentioned  in  Table  It,  it  is  most  likely  that  the 
vasoactive  ones  are  the  one  which  are  the  toxins.  The  effect  is  probably  due 


to  a  mixture  of  vasoconstrictive  as  well  as  vasodil3tativo  substances.  At  present, 
there  is  not  evidence  available  (for  serotonin,  see  (118)). 

ad  2.  The  fact  that  such  substances  are  present  in  the  blood  of  the  portal 
vein  is  ur.c  ante  stable.  On  the  other  hand,  there  is  still  the  question  as  to 
whether  they  are  derived  from  the  intestinal  wall  or  intestinal  contents.  Also 


there  is  still  the  question  as  to  which  of  kinds  of  cells  they  originate  from 
(see  tables  5  and  6). 


sd  3.  An  extremely  small  number  of  investigators  have  considered  the  sig¬ 


nificance  of  the  volume  factor.  From  the  plasma  volume  and  hematocrit  determina¬ 
tions  carried  out  by  various  authors  (hi,  hh,  93,  121,  131),  it  is  assumed  that 
in  the  intestinal  tract,  the  whole  plasma  volume  can  disappear  into  the  wall  or 
into  the  lumen.  Only  strict  volumetric  controls  can  be  used  as  proof  for  mechan¬ 
isms  other  than  the  loos  of  plasma.  It  is  possible  to  conceive  that  ultimately 
toxins  that  happen  to  be  present  intensify  the  loss  of  plasma. 
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ad  lj«  The  transportation  of  a  toxic  principle  during  hemorrhagic  shock 
has  been  demonstrated  in  rabbits  (103,  12ii,)  and  in  dogs  (115,  12li). 

Janoff  (76)  was  able  to  detect  a  toxin  in  the  blood  of  the  portal  vein 
of  rabbit  undergoing  AMS  shock  but  not  in  the  plasma. 


Portal  vein  blooc,  rabbit 
il  hours  of  AMS  occlusion  ♦  opening 
n  =  7  controls  «*  2 

mortality/  n  mice 
Occl.  controls 

U/61  2/lB 

The  blood  of  the  portal  vein  vras  removed  with  a  sterile  syringed  immdodiately 
after  opening  tho  AMS  occlusion  and  injected  into  nice  intraperitoneally  in 
quantities  of  10  %  of  the  KG  weight.  Vo  were  not  able  to  demonstrate  more 
toxicity  in  the  blood  of  the  portal  vein  of  the  experimental  animals  as  com¬ 
pared  to  the  control  animals. 


TABLE  6 

Carotis  blood,  rabbits 
h  hours  AMS  occlusion  *  opening 
n  ■  h  controls  n  »  li 


Mortality/ 

n  mice 

occlusion 

control 

Normal  mice 

1/1? 

2/25 

RES  mice 

0/25 

1/36 

For  procedure,  see  table  5.  Toxicity  of  the  peripheral  blood  could  not  be 
detected  after  injection  into  RES  blocked  mice.  It  is  possible  that  the 
toxins  ore  so  unstable  that  they  lose  their  activity  very  ouickly.  Technics 
and  the  time  when  the  blood  was  taken  could  explain  the  differences  between 
these  and  the  results  published  in  the  literature. 

Tice  (138)  after  AMS  shock  found  a  toxic  factor  in  the  ductus  thoracicus  lymph 
of  tho  dog.  The  injection  of  such  lymph  into  rabbits  whose  RES  had  boon  blocked 
by  means  of  thorotrast,  led  to  death  of  the  animals.  The  circulation  of  the 
lymph  has  certainly  not  been  given  sufficient  consideration  in  the  study  of 


shock 
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co::clusio;;s 

Tho  consequence  of  the  her.cdynr.nic  distrubcnccs  in  each  massive  decrease  in 
the  cardiac  time-volume  arc  especially  severe  in  the  splanchnic  region  as  com¬ 
pared  to  the  other  vascular  flew  regions  ever,  after  transfusion.  Also,  they 
appear  earlier.  The  loss  of  volume  ir.  the  intestinal  tract  is  especially  large 
due  to  anoxic  damages.  Hot-over,  those  circulatory  alterations  alor.e  cannot  bo 
used  to  completely  explain  tho  appearance  of  irreversibility;  suitable  validations 
are  not  available  at  this  time. 

Schematic  summary  of  the  hemodynamic  changes  in  the  splanchnic  changes 
in  shock.  The  importance  of  the  loss  of  voltzne  becaecs  evident. 


cardiogen 


hypovolemia  central 

\  1- 

cardiac  nintte  volumes  v - 


resistance  ♦♦♦ 


v  l 


adrenergic  innervation  ♦♦♦ 


intestinal  vascularity 


O2  requirement  -t  -a  t 


disturbed  O2  absorption 


hypoxemia  ♦♦+ 


&  ! 


pooling 


capillary  permeability 


plasma  outlet 


Scheme:  Positive  feed-back  mechanism. 

It  is  very  likely  that  tasoactive  substances  from  the  intestinal  tract 
travel  to  tho  liver  via  the  blood  of  the  portal  vein  -whereby  the  liver  and 


the  RES  particularly  are  injured  by  the  vasotoxin  or  other  noxious  substances 
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during  detoxification  and  phagocytosis.  This  would  explain  the  effect  on  the 

whole  organism  that  is  observed. 

\ 

'  The  bacterial  factor,  especially  endotoxin,  if  at  all. will  play  a  signi- 
cantly  smaller  role  in  hypovolemic  shock  than  has  been  assumed  in  the  past. 
This  doas  not  mean,  however,  that  bacterial  factors  are  not  essential  in 
septic  shockl  It  should  also  be  mentioned  that  many  authors  have  employed 
endotoxin  in  the  laboratory  to  simulate  shock.  This  shoilri  not  bo  interpreted 
as  meaning  that  endotoxin  plays  a  major  role  in  the  initiation  of  irreversible 
shock. 

In  our  experiments,  we  could  not  demonstrate  a  specific  toxicity  for 
homogenates  prepared  from  the  intestinal  walls  of  rabbits  in  A MS  shock. 

The  material  was  injected  into  both  normal  and  RES-biocked  mice  (Tables  7-10). 

TABLE.  7 

Intestinal  wall  homogenate 

1  A3 

6  hours  -  AMS  ligature 
rabbits  n  -  8 
injected  into  mice 
mortality:  0  %  (n  -  &$) 

mortality  of  mice  after  i.p  injection  of  fresh  small  intestinal  wall 
homogenate  with  and  without  the  addition  of  tetracycline  (1  mg/2inl). 
Amount  of  homogenate  injected  was  10  £  of  the  Kg  weight. 


TABLE  8 

Intestinal  wall  homogenate,  sterile 
8  hours  AKS  ligature 
rabbits:  n  =  8,  ccntrols  n  *  9 
injected  ir.to  mice 
mortality:  26  ?  (n  »  ICO) 
controls:  21  %  (n  *  130) 

Mortality  in  mice  after  l.p.  injection  of  a  10  %  suspension  of  small  and 
large  intestinal  wall  homogenate  after  lycphilization  and  sterilization 
with  ethylene  chloride.  Technic  in  (39,  hO). 


Intestinal  vail  homogenate, 
sterile 

I;  hours  !.VS  occlusion  +  opening 
rabbits  n  »  6  controls  n-  11 
injected  into  nice 
mortality:  7l  £*  (n  «  13?) 
controls:  Ll  f>  (r.  »  300) 

Mortality  in  nice  alter  injection  c;'  a  10  <  sv3rcnsion  of  the  snail  and  largo 
intestinal  vails  (sterilized  according  to  t-.e  prose  dura  described  in  Table  8). 

The  increase  in  mortality  is  not  significant  since  there  were  large  deviations  in 
both  groups  ( in  soma  series  of  exssrimeatal  animals  there  was  no  mortality  while 
in  sene  of  the  control  croups,  there  was  a  high  r.ortaiity). 


CCTS^yjr^.'CFS  701  THE  PRACTICE 

The  results  mentioned  above  also  have  signlfictnco  in  practical  surgery 
(73,  83),  that  is,  firstly,  in  the  treatment  of  acute  (estbolics)  (58),  throsobctic 
(h)  and  arteriosclerotic  (20,  li5,  h6)  (angina  obdcrii nails)  compressions  of  the 
AKS.  In  addition,  there  is  no  reason  to  doubt  that  intestinal  necroses  without 
detectable  pathological-anatomical  alterations  of  the  vessels  aloo  occur  in  tusors 
(37a,  99,  102)  as  wall  as  in  shock  (71,  92,  93)»  On  occasion  in  certain  cases, 
there  is  a  connection  with  digitalis  intoxication  (11a).  Xesenteric  infractions 
occur  in  2  %  of  all  ileus  cases  (h7)  or  in  0.2  5  of  all  surgical  cases  (93)» 

Ever,  today,  the  mortality  approaches  90  %  (h7  ,  93,  139).  A  procedure  for  treating 
intestinal  gangrena  with  the  most  success  has  not  yet  been  elucidated.  Whether 
an  immediate  surgical  restoration  (61)  of  the  circulation  with  actual  closure  of 
the  AMS  represents  the  best  therapy  in  all  cases  is  still  much  doubted  (52) 
cir.cc,  after  opening  an  acute  AX5  occlusion,  a  circulation  collapse  is  practically 
unavoidable.  Apparently,  massive  infusion  therapy  is  effective  only  in  a  very 
few  cwseo.  Thu  extent  of  the  diminution  of  the  blood  flow  and  the  duration  of 
the  distunbanco  appear  to  be  important  factors.  These  factors  are  very  difficult 
to  evaluate.  It  is  therefore  necessary  in  case  of  mesenteric  infarctions  to 


— lb~ 


consider  treatment  by  isolated  perfusion  of  the  AMS  ration  ( 9ii ) ,  the  performance 
of  a  splanchnic  blockade  (52,  lOlj)  and/or  the  use  of  chlorproncsin,  dilonsylin, 
ar.d  hypertonic  solutions  of  lov-n.elccular-v light  dextrous  (r;oe  table  1a*).  It 
is  sure  that  in  all  cases,  large  amounts  (2-3  liter;,  or  sore)  of  plasma  ar.d 
doxtrnr.  shoulc  la  administered.  As  far  as  the  use  cf  vasoactive  substances  aro 
concerned,  such  as  octcpressin,  with  regards  to  humans,  there  is  not  enough 
information  available  (66).  In  a  case  of  a  simple  intestinal,  necrosis,  only  a 
surgical  intervention  (resection  plus  eventual  vascular  operation)  has  any 
chance  of  success. 


TAT-MS  10 

Incomplete  series  of  tests  for  determining  whether  various  techniques  for 
refining  intestinal  wall  homogenates  exert  an  influence  on  their  toxicity  after 
injection  into  mice.  Three  rabbits  were  submitted  to  a  li  hour  AMS  occlusion  and 
their  intestines  were  treated  in  various  ways  after  the  reopening  of  the  occlu¬ 
sion.  The  intestines  of  two  healthy,  control  animals  were  treated  in  the  sane 
manner.  From  these  experiments,  no  conclusions  can  be  drawn  concerning  the 
influence  of  time  and  temperature. 


Occlusion 

Control 

.reatmont  num.oer  cf  1 

mice 

■for  a.',Ti\y 
% 

hunter  of 
mice 

Mortality 

f 

Tm-odiate  injection 

30 

0 

30 

0 

It  hours  decs  frozen 

— 

-- 

10 

0 

1j  hours  at  ii°0 

10 

0 

—  - 

__ 

1  hour  at  18°C 

20 

10 

0 

2  hours  at  37 cC 

— 

— 

1C 

0 

h  hours  at  3?°C 

Total  ir.tostir.o  h  hours, 
37°C,  lyophilized  at 

10 

0 

once  and  sterilized 

After  30  min,  lyophilized 

10 

0 

*• 

and  steri lilized 

After  60  min,  lyophilized 

10 

0 

— 

and  sterilized 


10 


0 


?:  o  splanchnic  region  has  an  essential  significance  in  severe  shock  as 
the  effects  of  hcr.odynsr.ic  disturbances  appear  very  early  and  aro  very  pro- 
counecd.  The  danger  of  irreversible  damages  is  especially  great  ( circ.  ritiosus) 
he  fere  they  car.  fc-  detected  in  other  vascular  regions.  This  leads  to  large  losses 
of  plaa..;a  as  a  result  of  ancxic  alterations  in  the  intestinal  tract.  It  is  very 
llk.tiy  that  vasoconstrictive  as  veil  as  vascdilatory  subetarxes  travel  frer.  the 
intestinal  contents  or  frer.  the  intestinal  veil  into  the  portal  vein  and  donate 
the  liver.  They  ray  tc  also  responsible  for  the  of  the  functions  of 

the  ri.ticulcur.-iothelial  system.  This  does  not  epacar  to  he  the  result  of  endo¬ 
toxins.  An ang  the  numerous  substances  that  have  been  considered  as  possible 
intestinal  toxins,  non  have  beer,  isolated  or  identified  as  a  causative  agent. 

Their  significance  ir.  human  shock  is  still  not  clear. 

The  hcr.cdynarde  alterations  in  the  splanchnic  region,  os  they  occur  ir. 
irreversible  shock,  arc-  capable  of  bain*;  reproduced  in  the  artcria  nesenterica 
superior  (AXS)  shock  node!.  The  information  obtained  from  this  meed  has 
practical  clinical  significance  in  the  treatment  of  mesenteric  bleed  flow  dis¬ 
turbances,  ear.cciclly  in  mesenteric  infarctions,  in  vhich  ease  it  is  considered 
that  in  humans,  at  least  tvo  arteries  must  have  inferior  blood  flew  before 
clinical  symptoms  appear.  These  aspects  are  probably  more  frequent  than  generally 
ascunsd.  Intestinal  gangrene  without  any  detectable  organic  necroses  in  the  AMS 
region  can  also  occur  in  humans.  It  is  cuesti enable  whether  an  immediate  vascular 
surgical  restoration  of  the  intestinal  blood  flew  in  cases  of  actual  occlusion  is 


the  best  therapy  except  when  there  is  a  clear  necrosis.  Isolated  perfusion  of 
the  ASS  region,  administration  of  chi erpr caa si n,  dibenzylin,  octopressin,  and 
1  cv-r.olccul or- voigh t  doxtrans,  coliacal  blockade,  have  to  be  considered,  the 
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nost  import  tint  treatment,  however,  it  sufficient  rt  placement  of  plai.ma  .  Several 
liters  of  plasma  may  bo  necessary. 
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